The present research focuses to examine the meristic and landmark-based morphometric variations of barred spiny eel Macrognathus pancalus from four populations namely Dhakuria beel, Jessore (DBJ); Bohnni boar, Gopalgonj (BBG); the Arial kha river, Madaripur (AKRM) and the Nabaganga river, Jhenidah (NRJ) in Bangladeshi freshwaters. Six meristic counts were compared among four populations and significant differences were observed in number of caudal fin rays and number of pelvic fin rays in all meristic characters. The truss protocol was used in the present study based on six general morphometrics and fifteen truss measurements. Univariate statistics showed that five (standard length (SL), upper jaw length (UJL), lower jaw length (LJL), head depth (HD) and inter orbital (IO)) of six morphometric and eleven truss networks (viz. 2-3, 3-4, 5-6, 6-7, 7-8, 1-8, 2-8, 3-8, 3-7, 4-7 and 5-7) among fifteen truss measurements differed significantly. Cannonical discriminate function analyses were conducted among samples and the populations were fully intermingled. Pooled withingroup correlation showed morphometric and landmark measurements; the first discriminant function (DF) accounted for 79%, the second DF accounted for 15.9% and third DF accounted for 5.1% of group variability. An euclidian dendrogram was prepared based on morphometric and truss measurements in four populations, where two clusters were mainly formed, in which first cluster formed by NRJ population was fully separated, and the second cluster was formed by two populations of AKRM and DBJ. Additionally, a subcluster BBG was formed with AKRM. On the basis of morphometric and truss measurements, 68.8%, 83.6%, 55.6% and 80% of original grouped cases were correctly classified in NRJ, AKRM, DBJ and BBG, respectively. These results specify the presence of different stocks of fish from four aquatic habitats. This study is highly significant for proper conservation and effective management of M. pancalus populations as well as for the scientific community for further research.
INTRODUCTION
Morphometrics is defined as the study of quantitative analysis such as size and shape of living organisms, which is accomplished by using linear measurements and these studies are essential for understanding the taxonomy as well (Daly, 1985; Park et al., 2013) . Therefore, in the same species, morphometric studies are vigorous tools for measuring discreteness (Naeem and Salam, 2005) , crucial for demarcation of diverse populations within species in a geographical boundary (Miller et al., 1988) , and useful aspects of the fisheries management, conservation and evolutionary context (Turan et al., 2005) . Anatomical and physiological features of an organism could be changed by numerous environmental stressors and genetic factors that are responsible for reflecting the phenotypic plasticity through a certain time (Barlow, 1961) . Landmark-based technique using morphometrics imposes no restrictions on the direction of variation and localization of shape changes and is highly effective in capturing information about the shape of an organism (Cavalcanti et al., 1999) . The truss network of morphometric characters enforces systematic coverage of the form and completely archives the landmark configuration Begum et al., 2013; Liao et al., 2010; Hossain et al., 2010) . The truss network system (Strauss and Bookstein, 1982) has been increasingly employed for the purposes of stock identification (Booke, 1981) . Macrognathus pancalus (Hamilton, 1822 ) is one of the most important freshwater species (locally called Guci baim) and naturally distributed in South-Asia and SouthEast Asian countries (Talwar and Jhingran, 1991) . This species grows throughout the country in all types of slow and shallow freshwater bodies (Rahman, 2005) . It feeds on bottom debris along with all types of benthic oligocahetes, nematodes and insect larvae (Ali et al., 2004; Serajuddin and Ali, 2005) . The fish can hide in the mud and may avoid gear capture. Several males take part in courting one female (Talwar and Jhingran, 1991) . M. pancalus population has been deteriorating due to habitat destruction, siltation, inbreeding, fishing pressure, dam construction, parasites, diseases, pollution and other anthropological effects such as pesticides, herbicides and other agrochemicals (DoF, 2012) . The extent of occurrence and area of occupancy are much higher than the lower thresholds for any threatened category. Therefore, the species is considered as least concern according to the IUCN Red List (Vishwanath, 2010) . Hence, it is highly significant to identify the superior stock of barred spiny eel and increase their sustainable production and extinction. The present research focuses to examine the morphological and meristic variation of M. pancalus from four populations occupying Bangladeshi freshwaters using the landmark-based truss network analyses.
MATERIAL AND METHODS

Sampling
A total of 153 individuals of M. pancalus were collected from four different freshwater sources such as DBJ, BBG, AKRM and NRJ ( Fig. 1 and Table 1 ) and immediately preserved in ice box. The samples were then brought to the laboratory of Department of Fisheries and Marine Bioscience of Jessore University of Science and Technology in Bangladesh for meristic, morphometric and truss network studies. The samples were collected between 2 September and 3 November 2017.
Meristic counts
Six meristic characters of each individual of M. pancalus were counted viz. number of dorsal spine rays (NSOD), number of dorsal soft fin rays (DFR), number of caudal fin rays (CFR), number of anal fin rays (AFR), number of pelvic fin rays (PELFR) and number of black dots on dorsal fins (NOBD). 
Imaging of samples and measurement of truss network data
Firstly, the samples were cleaned in fresh running tap water and placed on a level with transparent white sheet as the background. Then, fin rays were erected and placed 9 on the platform to make the origin and insertion points visible. Each individual was labeled with a specific code for proper identification. A Sony Cyber-shot DSC-W730 digital camera (China) was used for capturing digital images with a liner scale that was marked in centimeters (Cadrin and Fridland, 1999) . A total of 7 morphometric characters were measured from left to right across the fish body using software platform tpsDig2v 2.1 (Rohlf, 2006) (Table 2) .
Description of morphometric characters of M. pancalus fish used for analysis
The truss protocol in the present study was based on landmark points and truss network was constructed by interconnecting them to form a total of 15 truss measurements (Fig. 2) . The extraction of truss distances from the digital images of specimens were conducted using a linear combination of software platform tpsDig2v 2.1 (Rohlf, 2006) . Thus, truss distances of fifteen lines connecting these landmarks were generated for each fish to represent the basic shape of the fish (Strauss and (Turan, 1999) .
Statistical analyses
Morphometric distances are continuous variables and therefore appropriate for conventional multivariate analyses. All of the truss measurements were log transformed and tested for normality using the SPSS Statistics 21, and the outliers were removed before further analysis when it was necessary. A multivariate discriminant analysis was used for morphometric data to identify the combination of variables that best separate M. pancalus species. Before the analysis, the effects of the size of the dataset were eliminated. In the present study, there were significant linear correlations between all measured characteristics and the total length of fish.
To eliminate the variation resulting from morphometric and landmark distances, at first they were standardized according to the formula (Elliott et al., 1995) : All meristic characters were compared using the nonparametric Kruskal-Wallis test. The degree of similarity between the samples in overall analysis and the relative importance of each measurement for the separation of the group were evaluated by discriminant function analysis (DFA). Population centroids with 95% confidence ellipses derived from the DFA were used to visualize relationships among individuals of all groups. A dendrogram of four populations based on the morphometric and truss distance data was drawn by the unweight pair group mathematic averages (UPGMA). Univariate analysis of variance (ANOVA) was carried out to test the significance of morphological differences. All statistical analyses were done using SPSS 21 (SPSS, Chicago, IL, USA). (Table 3) .
RESULTS
Meristic counts
Morphometric and truss networks
The strength of the allometric formula was justified and standardized using correlation of TL with remaining adjusted characters; that is why later the TL was curtailed in further analysis. After the allometric transformation, the correlation results revealed that all of the morphometric and truss measurements showed significant correlation with TL, confirming that the size effect was removed from the data. Univariate statistics (ANOVA) showed that five (standard length (SL), upper jaw length (UJL), lower jaw length (LJL), head depth (HD) and inter orbital (IO)) of six morphometric 2-3, 3-4, 5-6, 6-7, 7-8, 1-8, 2-8, 3-8, 3-7, 4-7 and 5-7) of the 15 truss measurements differed considerably to a varying degree (*p<0.05, **p<0.01, ***p<0.001) among samples (Table 4) . The discriminant function analyses (DFA) produced three DFs (1 st , 2 nd and 3 rd DFs) for both morphometric and truss measurements. For morphometric and truss measurements, the 1 st DF accounted for 79%, the 2 nd DF accounted for 15.9% and 3 rd DF 5.1% of among-group variability, and they explained 100% of the total amonggroup variability (Table 5 ). Pooled within-group correlations among discriminant variables and DFs revealed that, among the six morphometric measurements, upper jaw length (UJL) dominantly contributed to the 1 st DF, the three measurements of lower jaw length (LJL), standard length (SL) and body depth (BD) contributed to the 2 nd DF, and the remaining two measurements of inter orbital (IO) and head depth (HD), respectively, contributed to the 3 rd DF (Table 5) . Among the fifteen truss measurements, five measurements (5-7, 6-7, 7-8, 2-3 and 3-8) dominantly 
DISCUSSION
Both meristic counts and truss morphometric studies exposed main heterogeneity among the M. pancalus populations, among four populations. However, four populations are geographically separated and remarkably the populations originated from different sources. Moreover, there might be no chances of migration of individuals among four populations since the geographic position of two rivers are quite different (i.e. NRJ and AKRM) as well as the location of BBG and DBJ. All samples in four populations exhibited high phenotypic variation among each other indicating that there may not be any chances of immigration and emigration. Similar research was reported by Plamoottil and Abraham (2014) in Macrognathus albus where the meristic traits were as follows: 26-30 numbers for dorsal fin spines, 14-16 numbers for pectoral fin rays, 11 for caudal fin rays, 3 for anal fin spines. Parallel research was also conducted by Sultana et al. (2017) on M. pancalus species resembling 19-39 numbers for dorsal fin spines, 11-18 numbers for caudal fin rays, 29-52 numbers for anal fin rays. Consistent results were also reported by Roberts (1980) on Macrognathus species of meristic characters of number of dorsal fin spines: 14-22 in M. aculeatus, 16-23 in M. aral and 13-19 in M. siamensis. In a separate study, significant differences were observed in dorsal and anal soft fin rays, even though significant differences were not found in remaining meristic characters of Mesopotamian Mastacembelus mastacembelus populations among three populations of the Karakay reservoir, the Tohma stream and the Tigris river (Çakmak and Alp, 2010) . Such causes of meristic variation might occur due to abiotic factors, contributed to the 1 st DF, six measurements (3-4, 1-8, 4-7, 2-8, 1-2 and 4-5) contributed to the 2 nd DF and the remaining four measurements (5-6, 4-8, 3-7 and 4-6) contributed to the 3 rd DF (Table 5) . Plotting all discriminant function analyses (DFA) showed a clear overlapping among the populations for both morphometric and truss measurements. In both morphometric and truss measurements, the stocks are intermingled among each stock in the discriminant space ( Fig. 3) with high proportion of overlapping to a varying degree among four stocks. This finding suggested that there was intermingling among four populations such as DBJ, AKRM, NRJ and BBG. A Euclidian dendrogram was based on the morphometric and truss measurement for four populations of NRJ, AKRM, DBJ and BBG. Two clusters were formed in Euclidian dendrogram; 1st cluster was formed by NRJ population and was fully separated, and 2nd cluster was formed by two subclusters of AKRM and DBJ. Additionally, a subcluster of BBG added with AKRM (Fig. 4) . A correct classification of individuals into their original population varied 100% in four populations by discriminant analysis and 100% of individual group cases could be classified in their correct a priori grouping (Table 6 ). 100% contribution in original classification of the individuals of NRJ, AKRM, DBJ and BBG populations were not found and the individuals were mixed with other populations. But overall in original classification, 72% of individuals were correctly classified. This finding suggested that there was intermingling among populations and the populations were not fully separated. On the basis of morphometric measurements, 68.8%, 83.6%, 55.6% and 80% of original grouped cases were correctly classified in case of NRJ, AKRM, DBJ and BBG (Table 6 ).
for instance water pH, water quality, water temperature (Treer, 1993) , day degrees (Tåning, 1952) , heritability (Tave, 1984) , high salinity and lower oxygen level, and developmental rate (Barlow, 1961) . Generally longer developmental rates enhance more amounts in meristic configurations in an organism. Significant deviations were found in the head region and posterior part of the body of well-fed and feed deprived Oncorhynchus mykiss and O. tshawytscha (Currens et al., 1989) . Related findings were also detected in Clarius batracus population (Miyan et al., 2016) , Channa punctatus population and Heteropneustes fossilis population (Rahman et al., 2014) . Generally, fishes inhabiting turbid water conditions are living in suspended solid medium; they ultimately modify in body physiology as well as reduce in eye diameter and inter-orbital distance (Moore, 1950) . Generally, fish and aquatic vertebrates exert phenotypic plasticity because they adapt quickly through modifying their physiology and behavior to environmental changes. Moreover, phenotypic plasticity in morphometric traits may often be adaptive (Robinson and Parsons, 2002) . Moreover, phenotypical plasticity and adaptations completely or partially relied on external forces from the environment (He et al., 2013) . Other environmental influences may involve heterochrony, changes in the relative timing of developmental events (Meyer, 1987) such as switches between growth and development (Martin, 1949) . Although environmental influences on morphometric characteristics have not been well studied in this work, a number of influential factors were identified by Swain et al. (2005) . Haas et al. (2010) found that the physical characteristics of habitats drive changes in the morphological attributes of native fish populations. However, external morphology of fish is especially dependent on environmental conditions during early life history stages (Ryman et al., 1984; Cheverud, 1988) . Morphometric studies are able to identify differences between fish populations and are helpful tools for the discrimination of fish populations (Bailey, 1997; SaboridoRey and Nedreaas, 2000; Palma and Andrade, 2002) . Besides, morphometric measurements, combined with image analysis, represent a method for improving fish stock structures (Bailey, 1997) . Nevertheless, researchers have identified the real phenomena of morphological and physiological alterations (i.e. genetic factors like natural selection, epigenetic inheritance) (Murta, 2000; Pigliucci, 2001) , and effective population size and inbreeding (He et al., 2013) . Furthermore the populations in this study may have originated from different ancestors. These explanations are highly matched with the previous research accomplished in Labeo calbasu (Hossain et al., 2010) , in Channa punctatus , in Cirrhinus cirrhosus (Gain et al., 2017) , in Labeo bata and in Labeo ariza (Ahammad et al., 2018) . Truss linkage arrangements are a dominant tool for fish stock identification and therefore truss network measurements were employed in this experiment (Turan et al., 2004) .
Consequently, outputs of (DFA) in both morphometric and truss distances recommend very high aggregation among populations. However, plotting discriminant function DF1, DF2 and DF3 showed a clear aggregation among all the stocks for both morphometric and landmark measurements. All populations were undoubtedly intermingled from each stock in the discriminant space. For morphological and truss measurements first, second and third (DF) accounted 79%, 15.9% and 5.1% of amonggroup variability, respectively. It explained and proved that first DF was more informative than the second and third DF in explaining differences among the stocks. The second and third DF is therefore less informative than the first DF in elucidating changes among stocks. This information suggested that there was high intermingling among populations and individuals were highly inter-mixed. It indicated that the discriminant examination was relevant as an effective method in identifying populations, strains and subspecies which have been closely related. The authors recommended that procedure of more than one technique and evaluation among them could upsurge the probability for decorously cataloguing or differentiating the populations.
CONCLUSION
Meristic and truss-based morphometry study will be helpful in order to expand the excellence of stock documentation research. Even though, numerous methods are frequently studied for stock identification, meristic and truss morphometry is a cost-effective technique for enhancing fisheries management. Reliable evidence and investigation of stock structure are essential for breeding, exploitation, habitat restoration and conservation. Further study particularly on genetic studies and investigations of the influences of environmental subtleties are desirable for conservation of selected stocks to overlay the mode of saving this leastconcern species from quick disappearance.
SAŽETAK MERISTIČKE I MORFOMETRIJSKE VARIJACIJE U POPULACIJAMA PRUGASTE BODLJIKAVE JEG-ULJE Macrognathus pancalus SLATKOVODNIH VODA BANGLADEŠA: UVID U SUSTAV VEZANE MREŽE
Istraživanje se temelji na analizi merističkih i orijentirbaziranih morfometrijskih varijacija četiri populacije prugaste bodljikave jegulje Macrognathus pancalus (Dhakuria, Jessore -DBJ; Bohnni, Gopalgonj -BBG; rijeka Arial kha, Madaripur -AKRM; rijeka Nabaganga, Jhenidah -NRJ) u slatkovodnim vodama Bangladeša. Uspoređeno je šest merističkih mjera unutar četiri populacije, a značajne razlike su zabilježene u broju žbica repne peraje i broju žbica trbušne peraje kod svih merističkih pokazatelja. U radu je korišten protokol vezane mreže na temelju šest općenitih, morfometrijskih, i petnaest vezanih mjera. Jednosmjerna analiza varijanci ukazala je značajnu razliku između pet morfometrijskih (standardna dužina (SL), duljina gornje čeljusti (UJL), duljina donje čeljusti (LJL), dubina glave (HD) i interorbitalna duljina (IO)) i jedanaest mjera vezane mreže (tj. 2-3, 3-4, 5-6, 6-7, 7-8, 1-8, 2-8, 3-8, 3-7, 4-7 i 5-7) . Provedene su i analize funkcije kanoničke diskriminacije koje su ukazale na potpunu isprepletenost populacija. Zbirna korelacija unutar grupe ukazala je na varijabilnost skupina morfometrijskih i orijentir-baziranih mjerenja: prva diskriminantna funkcija (DF) iznosila je 79%, druga DF 15,9%, a treća DF 5,1% varijabilnosti skupina. Euklidski dendrogram pripremljen je na temelju morfometrijskih i vezanih mjerenja kod četiri populacije jegulja. Formirana su, uglavnom, dva klastera, kod kojih je prvi, nastao od NRJ populacije, potpuno odvojen, a drugi klaster je formiran s dvije populacije AKRM i DBJ. Dodatno, formiran je podklaster BBG s AKRM-om. Na temelju morfometrijskih i vezanih mjerenja, 68,8%, 83,6%, 55,6% i 80% originalnih grupiranih slučajeva ispravno je klasificirano u NRJ, AKRM, DBJ odnosno u BBG. Ovi rezultati ukazuju na prisutnost riba različitog podrijetla u četiri vodena staništa. Ovo istraživanje je značajno za pravilno očuvanje i učinkovito upravljanje populacijama M. pancalus kao i za daljnja istraživanja znanstvene zajednice.
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